Geochemical analyses of groundwater samples from the Djeffara confined aquifer (Southern Tunisia) were performed. The distribution of saline waters was investigated to identify the origin of the groundwater contamination. The aquifer was shown to be affected by an abnormal increase in groundwater salinity. Near the recharge zone, the groundwater salinity does not exceed 2.5 g l À1 but
INTRODUCTION
In arid and semi-arid regions, groundwater is the main source of fresh water. It is required for drinking purposes, tourism and agricultural activities. The increasing demands for fresh water lead to groundwater pumping intensification.
High pumping rates cause groundwater levels to decline and therefore change the flow direction, which comes from the sea towards the aquifer. When demanding groundwater withdrawals from aquifers exceed the recharge rate, seawater intrusion occurs. With excessive pumping, the natural hydraulic gradient towards the sea may be reversed and the intrusion can then extend to the pumping borehole which becomes saline.
Numerous studies deal with groundwater salinization (Kim et Seawater intrusion processes may be considered as a multivariate problem, which involves several parameters such as hydrochemical properties, cationic exchanges and transport parameters (Boluda-Botella et al. ).
The objective of this study is to recognize and identify the groundwater salinization origins of the Djeffara confined aquifer using hydrochemical and hydrodynamic analyses.
Expected results shall be of paramount importance in a region characterized by an arid climate and fresh water scarcity.
STUDY AREA
The Djeffara aquifer located in Southern Tunisia (Figure 1) constitutes the main water reserve in this region.
Southeastern Tunisia is characterized by weak rainfall, with an average annual precipitation of less than 250 mm. Rainfall runoff is torrential causing more streaming and very low infiltration. Unlike temperate zones, the studied area is characterized by high temperature, and a high rate of evaporation. Intensive groundwater abstraction during the last decades has caused aquifer piezometric level decline and groundwater quality degradation. Since the year 2000, two desalinization units (Jerba, Zarzis) have been pumping together about 50,000 m 3 day À1 from the Djeffara aquifer.
Moreover, numerous hotels in the region pump groundwater via their own private wells to satisfy their water requirements.
Extremely low recharge rates of the aquifer and the groundwater overexploitation resulted in fresh water/salt water mixing and therefore groundwater salinization.
Geological, structural and hydro-geological contexts
The coastal Djeffara aquifer is logged in Mio-Pliocene sands.
Trapped between marls and clays, the aquifer thickness 
Sampling and analysis
Field investigations were carried out from January to March 2010. In total, 24 groundwater samples were taken from wells located all over the study area. A particular interest was attached to areas suspected to suffer seawater intrusion.
Groundwater temperature and electrical conductivity (EC)
were measured in the laboratory using a thermometer and conductivity electrodes, respectively. Water salinity was calculated using EC. Major elements and Br concentrations were analyzed using ionic liquid chromatography. Groundwater level fluctuation was continually measured by an automatic piezometer installed in the well.
RESULTS AND DISCUSSION

Decline of the aquifer piezometric level
Groundwater piezometric data of the Djeffara aquifer have Figure 3 | Geological cross-section of studied area highlighting the fault systems as well as their depth extension (Mekrazi (1974), modified) .
where H 1 is the distance between sea level and the aquifer (m), ρ 1 is the seawater density (kg m À3 ) and ρ 2 is the fresh water density (kg m À3 ).
The Ghyben-Herzberg relation is an analytical model which describes the mixing between fresh water and sea water. It assumes that under hydrostatic conditions, the pressure of a unit freshwater column extending from the water table to the interface is balanced by a saltwater column extending from the sea level to the same depth.
The transition zone between sea water and the aquifer fresh water is not a distinct boundary but a transition zone characterized by a mixing of fresh and saline waters.
The Ghyben-Herzberg model is used to understand the salinization process of the Djeffara confined aquifer. It can be deduced that when the piezometric level (H ) in the aquifer is greater than H*, the flow is from the aquifer to the sea.
Otherwise, the flow is from the sea to the aquifer and seawater intrusion occurs. In the case of the Djeffara aquifer, (Table 1) showed that most of the treated samples present a significant 
CONCLUSION
The Djeffara aquifer abnormal salinization is mainly related to seawater intrusion and freshwater/seawater mixing. High pumping rates disturb the natural equilibrium between fresh and saline waters, resulting in the subsidence of the groundwater table below sea level, which causes seawater intrusion into the aquifer. Although seawater intrusion at the aquifer outlet is not excluded, the fault system is believed to be predominant in the process of groundwater salinization.
Seawater intrusion in the aquifer through the fault system was confirmed based on the groundwater level fluctuation 
